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ABSTRACT 

Snow  movement  in  deep  snowpaok  zones  of  steep  mountainous  country 
in  northern  Idaho  contributes  significantly  to  the  frequency  and 
severity  of  a  variety  of  stem  deformities  in  young  conifer  stands. 
This  note  defines  six  classes  of  deformities  of  which  butt  sweep  was 
the  most  frequent  and  dog  leg  and  stem  failure  the  most  injurious . 
All  deformities  except  three  originated  within  5  feet  of  ground  line. 
Much  of  the  tree  length  on  affected  trees  was  deformed;  as  trees 
increased  in  height,  increasingly  higher  percentages  had  two  or  more 
deformities . 

s 

/ 

While  marking  leave  trees  in  one  of  our  experimental  thinning  areas,  we  frequently 
found  deformed  stems  in  all  tree  species.    Up  to  74  percent  of  the  leave  trees  on  some 
of  the  1-acre  test  plots  were  deformed.    As  a  result,  we  installed  study  plots  to 
assess  severity  and  frequency  of  these  deformities. 

AREA  DESCRIPTION  AND  DATA  COLLECTION 

The  study  area  is  situated  within  a  series  of  clearcuts  involving  more  than  2,000 
acres  on  the  Coeur  d'Alene  National  Forest  in  northern  Idaho  (fig.   1).     Because  of  its 
location  (between  3,660  and  4,560  feet  elevation  on  a  north  exposure)  and  the  fact  that 
the  prevailing  winds  during  the  winter  are  from  the  southwest,  the  area  accumulates  snow 
early  in  the  season,  which  frequently  remains  until  late  May  or  early  June.    The  slope 
ranges  between  44  and  66  percent;  the  average  is  55  percent. 


Respectively,  Principal  Plant  Pathologist,  Research  Forester,  and  Biological 
Technician,  stationed  in  Moscow,  Idaho,  at  Forestry  Sciences  Laboratory,  maintained 
cooperation  with  the  University  of  Idaho. 
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Following  logging,  most  of  the  snags  were  felled  and  the  area  was  burned.  Two 
years  later  (in  1959)  ,  western  white  pine  2-2  stock  was  planted  at  about  an  8-  by 
8-foot  spacing.     Subsequent  natural  regeneration  resulted  in  an  overstocked  stand 
(nearly  2,560  stems/acre)  of  the  following  species:  alpine  fir  (Abies  lasiooarpa  (Hook.) 
Nutt.),  Douglas-fir  (Pseudotsuga  menziesii  (Mirb.)  Franco),  grand  fir  (Abies  grandis 
(Dougl.)  Lindl.),  Engelmann  spruce  (Piaea  engelmanni  Parry),  western  larch  (Larix 
oaoidentalis  Nutt.),  western  hemlock  (Tsuga  heterophylla  (Raf.)  Sarg.),  and  western 
white  pine  (Pinus  monticola  Dougl.). 

The  study  area's  habitat  type  is  Tsuga  heterophylla-Pachistima  myrsinites  (Dauben- 
mire  and  Daubenmire  1968).     Its  estimated  site  index  is  about  60;  no  data  were  available 
from  the  previous  stand.     Trees  now  range  in  height  from  1  to  20.5  feet;  the  average 
tree  is  between  4  and  4.5  feet  tall. 

Within  the  study  area,  which  comprises  approximately  30  acres  (fig.  1),  we  estab- 
lished 48  plots  (each  1/300  acre  in  size).    A  deformed  tree  served  as  the  center  of 
each  of  these  48  plots.    All  conifers  on  these  plots  were  recorded  according  to 
(a)  species,   (b)  height  to  the  nearest  one-half  foot,  and  (c)  diameter  at  breast  height 
(d'.b.h.)  by  1-inch  classes;  these  were  grouped  within  the  following  classifications: 

Class  1.    Not  deformed--stem  either  not  deformed  or  not  deviating  more  than  6  inches 
from  an  axis  that  passes  through  the  root  collar  perpendicular  to  the  contour. 

Class  2.     Butt  sweep--a  deviation  of  more  than  6  inches  from  the  vertical  axis 
originating  at  the  root  collar.     Usually,  the  sweep  extends  between  about  2  or  3  feet 
from  the  ground  and,  above  it,  the  stem  is  vertical  (fig.  2). 


Figure  2. — Butt  sweep:   (Black  marks  on  the  pole  are  at  1-foot  intervals  for  figures  2-6.) 
Aj  An  8-year-old  grand  fir  having  moderate  sweep  to  1.5  feet  and  slight  stem  sweep  from 
3.5  to  6.0  feet;  Bj  a  ±40-year-old  Douglas-fir  having  moderate  sweep  to  2.5-3.0  feet. 
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Figure  3. — Stem  sweep:  A,  A  10 -year- old  western  white  pine  having  sweep  originating  at  a 
blister  rust  canker  at  0.5  foot;  Bj  a  ±40-year-old  western  larch  having  sweep  to  11  feet. 

Class  3.     Stem  sweep—same  as  in  Class  2--the  sweep  assumes  a  gentle  curve  in  one 
plane,  originates  at  any  point  along  the  stem,  and  contains  a  minimum  segment  of  2  feet 
before  returning  to  the  vertical  (fig.  3). 

Class  4.     Dog  leg--a  sharp  curve  departure  of  more  than  6  inches  from  the  perpen- 
dicular axis;  usually  not  more  than  2  feet  long  (fig.  4).     Stem  failure  frequently 
occurs  at  the  point  of  maximum  stem  departure. 

Class  5.    S -curve- -similar  to  Class  3  but  one  curve  is  superimposed  above  another 
in  reverse  to  create  one  or  more  S-shaped  curves  in  the  stem  (fig.  5) .  Frequently,  these 
curves  are  not  associated  with  stem  failure  and  might  be  in  one  to  several  planes. 

Class  6.     Stem  failure—any  form  of  failure  from  a  simple  buckling  to  a  complete 
separation  of  both  xylem  and  phloem  elements  (fig.  6).     It  most  frequently  is  associated 
with  a  curve  deformity. 

Class  7.     Branch  pull— branch  either  completely  pulled  from  the  stem  or  pulled 
sufficiently  so  that  all  of  it  died. 

In  addition  to  those  found  in  the  study  area,  similar  deformities  on  surviving 
trees  were  observed  in  a  number  of  stands  between  40  and  80  years  old  on  the  same 
National  Forest.    These  stands  also  are  located  in  mountainous,  deep-snowpack  country. 
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Figure  4. — Dog  leg:  Aj  an  11-year-old  grand  fir  having  deformity  at  3  to  4  feet. 
A  stem  failure  occurs  at  3.5  feet.    5,  ±45-year-old  Douglas- fir  having  dog 
leg  deformity  (and  apparently  a  stem  failure). 


Figure  5. — S-curve :  A_3  'A  10-year-old  grand  fir  with  minor  butt  sweep  to  0.5  foot 
and  S-curve  from  0.5  to  3.5  feet.    Part  of  the  S-curve  is  in  a  plane  toward 
the  viewer  at  1.5  feet;  5,  a  ±45-year-old  western  larch  with  S-curve  to  14 
feet  above  a  stem  sweep  which  went  from  0  to  18  feet. 
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Figure  6.—  Stem  failure:  Aj  A  12-year-old  western  white  pine  with  stem  failure 
at  2.5  feet,  plus  butt  sweep  and  S-ourve.     Failures  were  more  frequently  of 
the  type  of  buckling  shown  in  figure  4-A;  5,  ±45-year-old  western  white  pine 
with  stem  failure  at  4  feet  and  stem  sweep  to  above  11  feet. 


RESULTS 

Of  the  410  trees  on  all  48  plots,  24  percent  were  not  deformed  (Class  1).  Of 
these,  73  percent  were  less  than  2.5  feet  tall.    There  was  an  average  of  slightly  more 
than  one  deformity  per  tree;  as  trees  increased  in  height,  increasingly  higher  percent- 
ages of  them  had  two  or  more  deformities  (fig.  7). 

Among  463  deformities  recorded,  butt  sweep  (Class  2)  was  the  most  frequent  (40 
percent).    The  remainder,  broken  down  by  class  and  ranked  according  to  frequency  of 
occurrence,  were  as  follows:    Class  5,  22  percent;  Class  3,  15  percent;  Class  6,  9  per- 
cent; Class  4,  7  percent;  Class  7,  5  percent;  and  miscellaneous  deformities,  2  percent.- 
In  all  but  one  of. the  trees  having  Class  5  deformities,  the  S-curve  involved  more  than 
50  percent  of  the  tree  height;  in  73  percent  of  these  trees,  more  than  75  percent  of  the 
tree  height  was  affected.     Stem  sweep  (Class  3)  usually  encompassed  most  of  the  stem: 
in  71  percent  of  the  trees  having  stem  sweep,  the  deformity  originated  at  ground  line. 
In  69  percent  of  these  trees,  furthermore,  the  deformity  covered  the  entire  length  of 
the  stem. 
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-Percentage  of  trees  within  height  classes  by  frequency  of  stem  deformity. 
Numbers  of  trees  in  each  height  class  are  shown  in  parentheses. 


All  the  deformities,  except  those  in  the  miscellaneous  group,  appeared  to  be  the 
result  of  snowpack  movement  or  snow  load.     Although  we  do  not  have  snow  records  for  the 
study  site,  snow  data  from  the  Copper  Ridge  snow  course  (located  about  9  airline  miles 
to  the  southwest  at  +4, 800-foot  elevation    on    a    timbered    ridge  along  a  roadway)  gave 
only  an  approximation  (likely  an  underestimate)  of  conditions  at  the  study  site.  For 
the  years  1959-70,  maximum  snow  depth  at  Copper  Ridge  ranged  from  3.0  to  8.8  feet.  This 
depth  is  significant  when  one  relates  it  to  the  average  height,  4  to  4.5  feet,  for  the 
trees  found  on  the  study  area  in  1970.     Thus,  it  becomes  apparent  that  sample  trees 
undoubtedly  had  been  subject  to  the  action  of  snow  movement  for  some  period  each  year 
during  their  lives. 

Stem  curvature  deformities,  with  few  exceptions,  were  alined  perpendicular  to  the 
contour--in  the  downhill  direction  of  snow  movement.     All  but  three  of  the  deformities 
originated  within  5  feet  of  the  ground  line.    There  were  75  serious  deformities--all  in 
Class  4  (dog  leg)  and  Class  6  (stem  failure)  and  all  terminating  within  7  feet  of  the 
ground:  13  percent  below  1.5  feet;  63  percent  between  1.5  and  3.5  feet;  and  the 
remainder  between  3.5  and  7  feet. 

Although  some  species  were  not  frequently  represented  in  all  height  or  deformity 
classes,  all  species  .were  equally  susceptible  to  deformities.     On  the  average,  western 
larch  and  western  white  pine  trees  were  much  taller  and  larger  (at  d.b.h.)  than  were 
the  other  species.     Consequently,  many  trees  of  these  two  species  are  not  likely  to 
suffer  additional  deformity. 
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DISCUSSION 


Relatively  few  stands  at  high  elevations  in  northern  Idaho  are  free  of  butt  sweep 

-•(fig.  2-B).    Although  this  deformity  has  many  causes  (such  as  growth  of  the  tree  from 
beneath  logs,  snags  rolling  against  the  tree  base,  etc.),  the  most  frequent  is  movement 

*  of  snow  during  the  early  life  of  the  tree  (Daubenmire  1959,  p.  97).    Our  observations  sug- 
gest that  the  frequency  and  severity  of  butt  sweep  in  deep-snowpack  zones  on  the  Coeur 
d'Alene  National  Forest  increase  along  with  slope  (particularly  as  orientation  changes 

.to  the  north)  and  with  cleanness  of  the  regeneration  burn.    However,  in  the  study  area, 
the  plots  were  homogenous  with  respect  to  percentage  of  deformed  trees.    Slopes  were 

'steep  throughout.     Neither  steepness  nor  slope  position  contributed  significantly  to 
between-plot  variation  in  deformities;  this  was  analyzed  using  a  weighted  regression 

"method  (Duncan  and  Walser  1966).    Although  the  effect  of  slope  on  snow  movement  is 
difficult  to  assess  (in  der  Gand  1968) ,  most  slope  gradients  were  probably  more  than 
sufficient  to  initiate  downhill  movement  under  the  snow  loads  present  in  the  area. 

Except  for  the  S-curve  deformity  (fig.  5B) ,  other  deformities  in  older  stands 
followed  much  the  same  frequency  pattern  as  noted  in  the  young  stands.    We  found  very 
^little  external  evidence  that  this  S-curve  deformity  persisted  in  trees  40  years  of 
age,  or  older.    Thus,  while  we  might  have  failed  to  detect  much  of  it  in  older  stands, 
"either  it  was  a  rare  deformity  when  such  stands  were  young  or  the  trees  outgrow  it. 
While  only  long-term  studies  can  reveal  the  true  significance  of  S-curve  deformity,  it 
is  frequent  (22  percent  of  all  deformities  in  this  study)  in  the  young  stands.  In 
-colder  stands,  it  probably  occurs  as  a  hidden  deformity;  thus  it  would  only  show  up  when 
the  tree  is  cut  into  lumber  and  seasoned.    This  would  be  a  significant  defect  in  boards, 
'especially  on  those  cut  from  trees  harvested  at  up  to  12  inches  d.b.h. 

Snow  creep  (movement  inside  the  snow  layers)  and/or  snow  gliding  (movement  of  en- 
tire snowpack  over  the  ground2  did  occur  in  similar  areas.3    Our  data  clearly  reflect 
both  types  of  movement.    The  random  distribution  throughout  the  plots  of  nondeformed 
""trees,  as  well  as  that  of  trees  having  dog  leg  or  stem  failure  deformities  suggests 
^that  mass  snow  sliding  didn't  occur  within  the  study  area.    However,  local  gliding  was 
prevalent  throughout;  this  was  evidenced  by  the  high  frequency  of  butt  sweep.  As 
in  der  Gand  (1968)  observed  at  Matte-Frauenkirch ,  we  also  found  that  deterring  objects 
(i.e.,  snags,  low  stumps,  or  some  of  the  larger  trees)  had  only  a  proximate  deterring 
"influence  on  snow  movement  because  deformed  trees  were  found  within  several  feet  of 
such  objects . 

Although  density  and  height  of  tall  brush  species  (e.g.,  alder,  willow,  and  moun- 
tain maple)  varied  throughout  the  unit,  such  factors  did  not  significantly  alter  the 
type  or  frequency  of  deformities.    Either  we  failed  to  record  the  necessary  detail  about 
Jbrush  on  the  plots,  or  its  impeding  effect  on  snow  movement  is  limited.    The  latter  is 
more  probable  because  data  on  S-curve,  stem  failure,  and  dog  leg  deformities  suggest 
that  a  significant  amount  of  snow  creep  occurred.    Also,  some  brush  species,  such  as 
alder,  tend  to  lie  down  under  a  snow  cover;  thus,  they  fail  to  deter  snow  creep. 

Curve  deformities  result  from  the  natural  response  of  the  tree  as  it  resumes  its 
upright  growth  after  its  stem  has  been  bent  from  the  vertical.     Although  the  series  of 
-£>yents  leading  to  the  various  curve  types  has  not  been  documented,  our  observations 


zin  der  Gand  (1968),  the  Forest  Service  translation  of  which  mistakenly  terms 
"snow  gliding"  as  "snow  sliding." 

Unpublished  data  on  snow  movement  effects  on  snowmelt  lysimeters  at  the  Priest 
River  Experimental  Forest  in  northern  Idaho.     On  file  at  Forestry  Sciences  Laboratory, 
Moscow,  Idaho. 
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suggest  the  following:  dog  leg  apparently  results  from  the  snow  creep  of  a  single  year 
and  S-curve  from  at  least  two  seasons  of  snow  creep  fairly  close  together.     In  both, 
snow  has  moved  in  layers  one  or  more  feet  above  ground  line;  it  most  frequently  affected 
stem  segments  less  than  3  years  old.     Butt  sweep  probably  starts  when  the  tree  is  less 
than  6  years  old  following  one  to  several  successive  seasons  of  snow  gliding.  These 
three  deformities  involve  stem  bends,  probably  exceeding  45°  from  the  vertical  at  maxi- 
mum snow  load  and  pressure.     Stem  sweep  apparently  is  the  result  of  snow  creep  at  any 
level  forcing  the  entire  tree  from  the  vertical;  the  root  collar  zone  most  often  serves 
as  the  fulcrum.     Stem  sweep  occurred  after  several  snow  seasons  (possibly  in  succession) 
the  tree  never  quite  regains  its  upright  stature  during  succeeding  seasons.     The  most 
noticeable  and  damaging  stem  failures  result  from  snow  loads  bending  older,  more  rigid 
stem  sections   (fig.   6A) .     However,  buckling  of  young  stem  segments  (fig.  4A)  was  the 
most  frequent  failure  within  Class  6.     Some  of  these  failures,  as  well  as  some  dog  leg 
deformities,  could  have  been  the  result  of  a  vertical  snow  load  pressing  down  on  the 
crown  of  a  tree  that  had  a  curved  stem. 

The  obvious  question  arising  from  our  assessment  of  this  damage  is  "Will  stem  de- 
formities acquired  before  age  15  years  constitute  permanent  defects  and,  thereby,  sig- 
nificantly reduce  utilizable  volume  when  affected  trees  are  harvested  45  to    65  years 
later  ?"    Although  wood  utilization  and  marketing  studies  could  provide  factual  data  in 
40  to  60  years,  at  least  2  to  8  feet  of  the  butt  log  of  most  deformed  trees  now  seems 
to  be  cither  wholly  unusable  for  lumber  or  contains  defects  reducing  product  quality. 
Therefore,  the  resulting  loss  would  be  large  in  affected  trees  grown  on  a  short 
rotation  for  lumber  or  poles. 

As  with  many  "point-in-time"  studies,  the  end  result  (type,  frequency,  or  severity 
of  deformity)  is  a  composite  series  of  events,  which  we  could  not  define  in  a  cause- 
effect  relation.     However,  it  is  apparent  that  the  snowpack  and  its  movement  contribute 
significantly  to  stem  deformities  in  stands  regenerated  on  clearcuts  in  heavy  snowpack 
zones.    Thus,  if  snowpack  damage  is  as  serious  as  is  indicated  by  our  study,  management 
practices  to  forestall  such  damage  need  to  be  considered.     For  example,  if  clearcutting 
is  the  appropriate  choice  for  harvesting,  barriers  to  snow  movement  might  be  necessary 
to  reduce  damage  to  the  regeneration.     The  simplest  barriers   (though  not  the  most  de- 
sirable from  either  esthetic  or  management  viewpoints)  could  be  4-  to  6-foot  stumps  in 
view  of  the  height  where  most  deformities  originate.     Perhaps  partial  cuts,  coupled 
with  either  natural  or  artificial  regeneration,  could  resolve  stand  reestablishment 
problems  on  some  sites  as  well  as  reduce  the  deformity  losses. 

Also,  management  has  few  guides  for  cultural  practices  in  young  stands  in  deep- 
snowpack  zones.     Our  data  suggest  a  high  probability  that  this  young  stand  will  suffer 
continuing  and  severe  deformities  because  (1)  many  small  trees  (currently,  the  least 
deformed)  were  left  for  crop  trees  and  (2)  thinning  (to  a  density  of  300-400  stems/acre 
as  in  our  unit)  eliminated  much  of  the  impeding  influence  that  the  excess  stems  might 
have  provided  against  snow  movement. 
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